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izLrkouk
ty bl czãk.M dk ,d egRoiw.kZ o vko';d ?kVd gSA ty
,d vueksy izkØfrd lEink gS] tks izÑfr }kjk ojnku Lo:i
bl lEiw.kZ txr dks izkIr gSA i`Foh dh lrg dk yxHkx 71
izfr'kr Hkkx ty gS] ijUrq bl lewps ty dk ek=k 2-6 izfr'kr
gh ihus ;ksX; gSA blesa ls Hkh yxHkx 1-8 izfr'kr Hkkx cQZ ds
:i eas mifLFkr gS ,oa ekuo miHkksx gsrq ek=k 0-8 izfr'kr Hkkx
ty gh miyC/k gSA vk/kqfud ifjos'k eas tula[;k&o`f)]
vkS|ksxhdj.k] oSf'od ifjorZuksa ds ifj.kkeLo#i gekjs ty
ty 'kks/ku esa vf/k'kks"k.k iz.kkyh dk egRo
ik#y lkgw ,oa vatfy lksuh¹
lh,lvkbZvkj&dsanzh; ued o leqnzh jlk;u vuqla/kku laLFkku] Hkkouxj 311 001 ¼xqtjkr½
¹,l,e,e jktdh; dU;k egkfo|ky;] HkhyokM+k 364 002 ¼jktLFkku½
lkjka'k % ty thou dk ,d vfHkUUk ?kVd gSA fiNys dqN o"kks± esa] tula[;k o`f)] 'kgjhdj.k] izoklu vkSj vkS|ksfxdhdj.k ds ifj.kkeLo:i mi;qä ty
lalk/kuksa dh ekax esa fujarj o`f) gqbZ gSA ijUrq va/kk/kqa/k fodkl dk;ks± ds pyrs ty lalk/kuksa dh xq.koÙkk vkSj miyC/krk udkjkRed :i ls izHkkfor gks
jgh gSA fo'o ds dbZ Hkkxksa esa yksx nwf"kr is;ty dk mi;ksx djus ds fy, etcwj gSaA bl ifjn`'; esa ty ds lsou ;k mi;ksx ls igys mldk 'kqf)dj.k
vfr vko';d gSA ty esa mifLFkr laiznw"ku ds vk/kkj ij fofHkUUk ikjEifjd ,oa vk/kqfud mipkj fodYi iz;ksx esa yk;s tk jgs gSaA buesa ls vf/k'kks"k.k
iz.kkyh ty 'kks/ku esa ,d egRoiw.kZ Hkwfedk fuHkkrh gSA bl ys[k esa] vf/k'kks"k.k izfØ;k ds cqfu;knh igyqvksa dks 'kkfey fd;k x;k gSA rnksijkar ?kjsyw ty
'kks/ku rFkk vkS|ksfxd vif'k"V mipkj esa vf/k'kks"k.k ds egRo ij izdk'k Mkyk x;k gSA
Significance of adsorption process in water purification
Parul Sahu & Anjali Soni*
CSIR-Central Salt & Marine Chemicals Research Institute, Bhavnagar 364 002 (Gujarat)
*SMM Government. Girls College, Bhilwara 311 001 (Rajasthan)
Abstract
Water is an integral component of life. In the last few years, there has been a steady increase in demand for suitable water resources as a result
of population growth, urbanization, migration and industrialization. But due to indiscriminate development works, the quality and availability of
water resources are being negatively affected. In many parts of the world, people are forced to use contaminated drinking water. In this scenario,
purification of water before it is consumed or used is absolutely essential. Various traditional and modern treatment options are being used on the
basis of the communion present in water. Of these, the adsorption process plays an important role in water purification. In this article, basic
aspects of the adsorption process are covered. Subsequently, the importance of adsorption in domestic water treatment and industrial waste
treatment has been highlighted.
lalk/kuksa dh xq.koÙkk fnu&izfrfnu fcxM+rh gh tk jgh gSA
ekuoh; xfrfof/k;ka] vuqipkfjr vkS|ksfxd vif'k"V] Ñf"k
ty viokg tSls vusdksa dkjd Hkw&ty ,oa Hkw&i`"B ty dks
yxkrkj nwf"kr dj jgs gSaA ty iznw"k.k ,d oSf'od leL;k gS
D;ksafd ty izR;{k@vizR;{k :i ls tho&tarq] izk.kh] ikni vkfn
lHkh ds thou dks izHkkfor djrk gSA
nqfu;k ds dbZ fgLlksa esa lqjf{kr o LoPN is;ty ladV dh
leL;k mHkj jgh gSA fo'o LokLF; laxBu ds vuqlkj] fo'oHkj
esa de ls de 2 vjc yksx nwf"kr is;ty dk mi;ksx djus ds
Hkkjrh; oSKkfud ,oa vkS|ksfxd vuqla/kku if=kdk
o"kZ 28 vad ¼2½ fnlEcj 2020 i`- 182&187
183ty 'kks/ku esa vf/k'kks"k.k iz.kkyh dk egRo
fy, etcwj gSa1A nwf"kr ty Mk;fj;k] gStk] isfp'k] VkbQkbM
vkSj iksfy;ks tSlh xaHkhj fcekfj;ksa dk izeq[k dkjd gks ldrk
gSA la;qä jk"Vª fo'o ty fodkl fjiksVZ ds vuqlkj ty dh
miyC/krk ds n`f"Vdks.k ls Hkkjr vkt 180 ns'kksa dh lwph esa
133osa LFkku ij gS ,oa ty xq.koÙkk ds n`f"Vdks.k ls 122 ns'kksa
dh lwph esa 120oas LFkku ij gSA la;qä jk"Vª egklHkk us 2010
esa ty vkSj LoPNrk ds ekuo vf/kdkj dks ekU;rk nh] ftlds
varxZr lHkh dks O;fäxr vkSj ?kjsyw mi;ksx ds fy, i;kZIr]
fujarj] lqjf{kr] LoPN] lqyHk vkSj lLrh ty miyC/krk dk
vf/kdkj gSA vr% ekuo LokLF; ds fy, ty ds csgrj lzksrksa
dh lqyHkrk vfr vko';d gS2A
mijksä dkj.kksa ls ty ds lsou ;k mi;ksx ls igys mldk
Hkyh&Hkkafr 'kks/ku djuk vR;ar vko';d gSA ty 'kks/ku ds
fy, fuLianu ¼lw{e ,oa vfrlw{e½] vf/k'kks"k.k] fÖkYyh fuLianu
¼foijhr ijklj.k½] uSuks iz.kkyh] vkstksus'ku]ijkcSaxuh&fofdj.k
vkfn dbZ vk/kqfud iz.kkfy;k¡ fodflr dh xbZ gSa3&5A buesa ls
vf/k'kks"k.k ,d ljy] lLrh] yksdfiz; o O;kid :i ls iz;qä
gksus okyh rduhd gSA ;g ys[k vf/k'kks"k.k ds ewy&rRo]
izfØ;k] fof'k"Vrk ,oa mi;ksfxrk dks oSKkfud vkSj rduhdh
n`f"Vdks.k ls izLrqr djrk gSA
vf/k'kks"k.k
vf/k'kks"k.k ,d lrg ifj?kVuk gS ftlds varxZr xSlh; ;k
rjy ?kVd Bksl inkFkZ dh lrg ;k varjkQyd ij lafpr gks
tkrs gSaA vf/k'kks"k.k ,d nzO; o Bksl ds chp varj vk.kfod
vkd"kZ.k cyksa ij vk/kkfjr gksrk gSA tks inkFkZ Bksl dh lrg
ij fpidrs ;k fu{ksfir gksrs gSa mUgsa vf/k'kks"; ¼adsorbate½
dgrs gSaA tcfd os inkFkZ ftl Bksl dh lrg ij fpidrs gSa
ml Bksl dks vf/k'kks"kd ¼adsorbent½ dgrs gSaA vf/k'kks"k.k ds
foijhr fdlh lrg ls vf/k'kks"; ds v.kqvksa dks gVkus dh
izfd;k fo'kks"k.k dgykrh gSA vf/k'kks"k.k eq[;r% nks izdkj dk
gksrk gS% HkkSfrd vf/k'kks"k.k o jklk;fud vf/k'kks"k.kA HkkSfrd
vf/k'kks"k.k izfØ;k esa vf/k'kks"; vf/k'kks"kd ds i`"B ij nqcZy
okaMjoky&cyksa }kjk caf/kr gksrs gSaA bl vf/k'kks"k.k dh ?kVuk
esa vf/k'kks"; dks vf/k'kks"kd dh lrg ls mPp rki vFkok
fuEu nkc ij eqä fd;k tk ldrk gSA bl vf/k'kks"k.k esa
cgqvkf.od ijrsa curh gSa o ;g mRØe.kh; izdfr dk gksrk gSA
jklk;fud vf/k'kks"k.k ds varxZr vf/k'kks"; vf/k'kks"kd ds
i`"B ij izcy jklk;fud cyksa ds }kjk vf/k'kksf"kr gksrs gSa ,oa
lagl;kstd&ca/kksa }kjk ca/ks jgrs gSa ftUgsa vklkuh ls vyx ugha
fd;k tk ldrkA ;g vf/k'kks"k.k vis{kkÑr vf/kd LFkk;h
gksrk gSA blesa dsoy vk.kfod ijr curh gS o ;g vuqØe.kh;
izdfr dk gksrk gS6A
fdlh vf/k'kks"kd ds fu"iknu ewY;kadu ds fy, Å"ekxfrdh
,oa fØ;kxfrdh v/;;u vko';d gksrs gSaA lkE;koLFkk&laca/k
fdlh vf/k'kks"kd }kjk mldh lrg ij gksus okys vf/kdre
vf/klks"k.k ek=kk dk fu/kkZj.k djrs gSaA vf/k'kks"kd dh Bksl
lrg ij lkanzrk o tyh; ?kksy esa lkanzrk ds laca/k dks
^vf/k'kks"k.k lerkih oØ* (dsorption isotherm½ }kjk iznf'kZr
fd;k tkrk gSA vr% ;s  lerkih oØ mi;qä vf/k'kks"kd
inkFkZ ds p;u o mldh iznf'kZrk tkuus esa egRoiw.kZ Hkwfedk
fuHkkrs gSaA ySaxE;wj ¼Langmuir½ ,oa Ýs;qaMfyd ¼Freundlich½
lerkih oØ viuh ljyrk o ;FkkFkZrk ds dkj.k izk;r%
vf/k'kks"k.k la;a=k vfHkdYiuk ds fy, iz;ksx fd;s tkrs gSaA
blds vykok] vf/k'kks"k.k izfØ;k dh nj o xfr ¼kinetics½ ls
lacaf/kr rduhdh tkudkjh Hkh mPp Lrjh; la;a=k&jpuk ds
fy, vko';d gksrh gSA
vf/k'kks"kd inkFkZ ds xq.k/keZ ,oa p;u
vf/k'kks"kd inkFkZ esa lw{e vkarfjd fNnz gksrs gSa tks vk.kfod
vf/k'kks"k.k gsrq fo'kky vkarfjd lrg iznku djrs gS aA
vf/k'kks"kd dh {kerk mlds ì"Bh; {ks=kQy ds izR;{k vuqikrh
gksrh gSA vr% f{kfnzr izÑfr okys inkFkZ vPNs vf/k'kks"kd gks ldrs
gSaA vf/k'kks"kd dk lrgh vkos'k vf/k'kks"k.k dk nwljk izeq[k dkjd
gksrk gSA bl fØ;fof/k esa  vf/k'kks"; esa mifLFkr foijhr vk;u
vf/k'kks"kd dh lrg ij jklk;fud ca/k cuk ysrs gSaA bl izdkj
vf/k'kks"k.k nj vf/k'kks"kd inkFkZ ds lrgh {ks=kQy] fNnz vkdkj
foHkktu] lrgh vkos'k ,oa tyfojks/kdrk tSls izeq[k xq.kksa ij
fuHkZj djrh gS5A ,d vkn'kZ vf/k'kks"kd esa mPp 'kks"kd {kerk o
p;ukRedrk] mRÑ"V fLFkjrk] LFkkf;Ro ,oa iquizZ;ksT; tSls egRoiw.kZ
xq.k fo|eku gksus pkfg,A izHkkoh vf/k'kks"k.k gsrq vf/k'kks"kd dh
lfØ;rk mfpr rkih;] jklk;fud ;k ;kaf=kd fof/k;ksa }kjk c<+kbZ
tkrh gSA mnkgj.kr%
¼1½ /kkfRod vf/k'kks"kdksa dks ;kaf=kd fof/k;ksa }kjk [kqjnqjk
cukuk(  ¼2½ cM+s nkusnkj vf/k'kks"kd dks vf/kd ckjhd ihldj
mldk i`"Bh; {ks=kQy o/kZu(
¼3½ vfrrIr Hkki }kjk vf/k'kks"kd dk mipkj ,oa
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¼4½ jklk;fud vfHkfØ;kvksa }kjk eqä la;kstdrk,a mRiUUk djukA
ty ls vf/k'kks"kd }kjk lanw"k.k fudkyus dh {kerk dbZ
vyx&vyx dkjdksa ij fuHkZj djrh gS] ftlesa iznw"k.k ds izdkj
vkSj ek=kk] ty dh vEyrk vkSj rkieku 'kkfey gSa7A O;kolkf;d
Lrj ij iz;qä gksus okys fofHkUUk vf/k'kks"kdksa dks lkj.kh 1 esa
iznf'kZr fd;k x;k gSA
dkcZu&ln`'k inkFkZ la'ysf"kr fefJr vkWDlkbM dh rqyuk esa
vf/kd izHkkoh fl) gq, gSa D;ksafd buesa mifLFkr fNnz ,oa
dk;kZRed lewg vf/k'kks"k.k izfØ;k dks lqfo/kktud cuk nsrs
gSa11A orZeku esa uSuks d.kksa ¼nano particles½ dks vf/k'kks"kd
inkFkZ ds :i esa iz;qä djus ds 'kks/k iz;kl fd, tk jgs gSaA
fofHkUUk izkÑfrd o iquuZohuhdj.k vif'k"V inkFkks ± dk
vf/k'kks"kd ds :i esa iz;ksx ij 'kks/k tkjh gS12A bu iz;klksa dks
mPp Lrj ij ys tkus dh vko';drk gSA
ty 'kks/ku esa vf/k'kks"k.k ds vuqiz;ksx
?kjsyw ty 'kks/ku
vf/k'kks"k.k izfØ;k ij vk/kkfjr dkcZu fQYVj dk mi;ksx
?kjsyw ty ¼Hkkstu] is; inkFkks± vkSj ihus esa iz;ksx gksus okys½ ls
Lokn] xa/k vkSj Dyksjhu fudkyus ds fy, vkerkSj ij gksrk gSA
dkcZu jklk;fud :i ls Dyksjhu v.kqvksa dks DyksjkbM esa
ifjofrZr dj nsrk gS13A
fp=k 1 lfØ; dkcZu }kjk ty esa mifLFkr v'kqf);ksa o
nwf"kr inkFkks± ds fu"dklu izfØ;k dks n'kkZrk gSA lk/kkj.k
dkcZu dks rkih; ;k jklk;fud lfØ;.k }kjk lfØ; dkcZu esa
lkj.kh 1 & dqN egRoiw.kZ vf/k'kks"kd inkFkZ o mudh fo'ks"krk,a
vf/k'kks"kd inkFkZ fo'ks"krk,a mnkgj.k
pkjdksy • vklku miyC/krk • fcVqesuh dks;yk
• vYi ykxr • ydM+h dk dks;yk
• ukfj;y&[kksy dk dks;yk
lfØ; dkcZu • mPp vk.kfod Hkkj • nkusnkj lfØ; dkcZu
vkSj ikuh esa de ?kqyu'khy • f=kT;d dkcZu QhYVj
inkFkZ ij izHkkoh
• mPp lrg {ks=k
izkÑfrd ,oa la'ysf"kr • le:i fNnz forj.k • fDyuksfIVyksykbV
ftvksykbV • /kzqoh; ca/k LFky • ekWMsZukbV
¼,yqfeuk flfydsV cgqyd½ • vf/kd p;ukRed • dscstkbV
• ykSekWUVkbV
izkÑfrd e`nk ¼Dys½ • /kzqoh; dkcZfud] • dsvksfyukbV
[kfut vdkcZfud inkFkZ o /kkrq • DyksjkbV
vk;u 'kks"k.k dh {kerk • bYykbV
• ekWUVeksjksykbV&LeslkbV
flfydk tsy vkSj esVy • vfr /kzqoh; 'kks"kd • lfØ;&,Y;wehfu;e
vkWDlkbM • fefJrvkWDlkbM
tSo'kks"kd inkFkZ • lfØ; dk;kZRed lewg • fpVkslsu
• de&ykxr • lkbDyks&MsDlfVªUl ¼CD½
• i;kZoj.k ds vuqdwy • tSo&lagfr] Ñf"k vif'k"V
185ty 'kks/ku esa vf/k'kks"k.k iz.kkyh dk egRo
ifjofrZr fd;k tkrk gSA lfØ;&dkcZu dh lrg o vkarfjd
Hkkx esa mRiUUk yk[kksa lw{e fNnz rjy inkFkZ ds laidZ esa vkus ij
lanw"kd v.kqvksa dks vkdf"kZr djrs gSaA tc ty fQYVj ds
laidZ esa vkrk gS] lanw"kd ;kSfxd dkcZu&fQYVj dh lrg ij
ca/krs ;k fpidrs gSa D;ksafd ty vkSj lanw"kd nksuksa /kzqoh;
;kSfxd gSa tks ,d nwljs dks vkdf"kZr djrs gSaA vkSj] bl izdkj
ty ls [k+jkc Lokn] xa/k o vU; nw"kdksa dks fu"dkflr djds
mls ihus ;ksX; cuk;k tkrk gS13A dbZ LFkkuksa ij dkcZu fQYVj
dk mi;ksx 'kkWoj esa Dyksjhu xSl dks ckgj fudkyus ls jksdus
ds fy, 'kkWoj gSM~l esa fd;k tkrk gSA
vkS|ksfxd vif'k"V@nwf"kr ty mipkj
fofHkUUk vkS|ksfxd vif'k"Vksa ls /kkrq vk;uksa ,oa tfVy
dkcZfud ;kSfxdksa ds fu"dklu ds fy, vf/k'kks"k.k ,d dq'ky
fodYi gSA lfØ;.k dkcZu ¼pw.kZ o nkusnkj½ }kjk ty esa
mifLFkr dkcZfud] jaxh; ,oa izfrtSfod v'kqf);ksa ds fu"dklu
dks izekf.kr fd;k tk pqdk gS5A ;w- ,l- ,Uok;jkWUesaVy izksVsD'ku
,tsalh ¼bZih,½ ds vuqlkj] lfØ; dkcZu ,d ek=k fQ+YVfjax
lkexzh gS tks lHkh 12 igpkus x, r`.kekjd vkSj 14 dhVuk'kdksa
ds lkFk&lkFk lHkh 32 igpkus x, dkcZfud nwf"kr inkFkks± dks
gVkrk gS7A /kkrq vk;uksa ds vf/k'kks"k.k ds fy, dqN O;kid :i
ls mi;ksx fd, tkus okys vf/k'kks"kdksa esa lfØ; dkcZu]
e`nk&[kfut] tSo&inkFk Z] vkS|k sfxd Bksl vif'k"V vkSj
ftvksykbV~l lfEefyr gSaA ,d ekbØksu ls NksVs vkdkj ds fNnz
okys dkcZu fQYVj ls ;kaf=kd fuLianu ds ek/;e ls lhlk]
vklsZfud] ikjk] yksgk vkSj vU; Hkkjh /kkrqvksa dks gVk;k tk
ldrk gS13A Tgq ,oa muds lg;ksfx;ksa us vius leh{kk i=k esa
oó m|ksxksRiUUk vif'k"V ls vf/k'kks"k.k }kjk jatd ¼dyes½
fu"dklu ij ,d foLr`r fo'ys"k.k izLrqr fd;k gSA bl
v/;;u ls ;g fofnr gksrk gS dh le:i forfjr fNnz rFkk
foLr`r lrg ;qä] fefJr o la'kksf/kr vf/k'kks"kd csgrj
'kks/ku {kerk iznf'kZr djrs gSa10A Hkk¡fr&Hkk¡fr ds izkÑfrd&inkFkZ]
vkS|ksfxd miksRikn] Ñf"k vif'k"V Hkh de ykxr okys
vf/k'kks"kd ds :i esa mHkj dj vk jgs gSa8]10A
uxjikfydk la;a=k }kjk vf/k'kks"k.k dk iz;ksx nwf"kr ty
mipkj dh izfØ;k ds nkSjku ty&e`nqdj.k ls iwoZ Dyksjhu
fudkyus ds fy, fd;k tkrk gS13A bl rduhdh dk iz;ksx
vif'k"V 'kks/ku dh r`rh;d lQkbZ ds :i esa vfuEuhdj.kh;
dkcZfud ;kSfxdksa ds fu"dklu ;k de lkanzrk ds fy, Hkh
djrs gSa9A vk;u&fofue; jsflu }kjk dBksj ty ds yo.kksa dks
vf/k'kksf"kr djds e`nq ty esa ifjofrZr dj fn;k tkrk gSA
vf/k'kks"k.k }kjk vif'k"V ty mipkj ds fy, mi;ksx dh
tkus okyh ,d fof'k"V iz.kkyh dks fp=k 2 esa n'kkZ;k x;k gSA
ftl midj.k esa vf/k'kks"kd inkFkZ ¼cSM½ dks j[kk tkrk gS
mls vf/k'kks"k.k dkWye dgrs gSaA vif'k"V ty dkWye esa uhps
fp=k 1 & vf/k'kks"k.k ij vk/kkfjr ?kjsyw dkcZu fQ+YVj }kjk is; ty 'kks/ku
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fp=k 2 & f}&pj.k ¼dkWye 1 o 2½ vf/k'kks"k.k iz.kkyh dk fp=k.k
dh vksj izokfgr gksrk gS vkSj ty esa mifLFkr lanw"kd
vf/k'kks"kd lrg ij lafpr gks tkrs gSaA csgrj ifj.kke ds fy,
,d ls vf/kd pj.k dk mi;ksx fd;k tk ldrk gS ¼tSls fd
fp=k 2 esa f}&pj.k i)fr fn[kkbZ xbZ gS½A ,d fuf'Pkr vof/
k ds ckn vf/k'kks"kd cSM vf/k'kks"; ¼lanw"k.k½ ls lar`Ir gks
tkrh gSA ml fLFkfr esa lar`Ir cSM u;h vf/k'kks"kd cSM }kjk
izfrLFkkfir dj nh tkrh vkSj lar`Ir cSM dks rkih; vFkok
jklk;fud mipkj nsdj iqu;ksZftr djrs gSaA iqu;ksZtu ds
i'Pkkr~ cSM vxys pØ ds fy, rS;kj gks tkrh gSA
fu"d"kZ
;g v/;;u eq[; :i ls vf/k'kks"k.k izfØ;k dk ty&'kks/ku
esa ;ksxnku izLrqr djrk gSA vf/k'kks"k.k izfØ;k ds ewy&rRoksa
dh laf{kIr O;k[;k dh xbZ gSA ?kjsyw o O;olkf;d ty 'kqf)dj.k
esa vf/k'kks"k.k iz.kkyh ds mi;ksx ij izdk'k Mkyk x;k gSA
vusd ikjaifjd o uohu vf/k'kks"kd inkFkZ ¼tSls lfØ; dkcZu]
ft;ksykbV] esVy vkWDlkbM] e`nk [kfut vkfn½ nwf"kr ty ls
dkcZfud@vdkcZfud ;kSfxd] Dyksjhu&xSl] xa/k] jax] Hkkjh /kkrq
tSls ukuk izdkj ds lanw"kdksa dks fudkyus esa vR;ar izHkkoh
fl) gq, gSaA Hkfo"; esa izkÑfrd o fdQk;rh vf/k'kks"kd
inkFkks± dh 'kks/k o muds }kjk ty 'kks/ku ij cy nsus dh
vko';drk gSA
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'kqf)dj.k gsrq miyC/k vk/kqfud rduhdsa]* Hkkjrh; oSKkfud
,oa vkS|ksfxd vuqla/kku if=kdk] 22¼2½ ¼2014½ 120&122-
4- tks'kh ,p] ^ty ds 'kqf)dj.k esa vk/kqfud izkS|ksfxfd;ksa
dh izklafxrk]* Hkkjrh; oSKkfud ,oa vkS|ksfxd vuqla/kku
if=kdk] 20 ¼1½ ¼2012½ 63&69-
5- mik/;k; vkj ,oa ikaMs; ds] ^ty'kks/ku esa fÖkYyh NukbZ
dk egRo]* Hkkjrh; oSKkfud ,oa vkS|ksfxd vuqla/kku




187ty 'kks/ku esa vf/k'kks"k.k iz.kkyh dk egRo
8- y[ksjoky Mh] ^vM~tksiZlu vkWQ gSoh esVYl% , fjO;w]




10- Tgqok;] ywts] Tgqok;]Y;wok;] ^jhlsaV ,Mokalst QkWj Mkbt
fjewoy;wftax uksosy ,aM lkscsZUV~l% , fjO;w]* ,Uok;jkWuesaVy
ikWY;q'ku 252 ¼2019½ 352&365-
11- lksjks[k; ce,yth ,oa vgjk eqTteka ,e] ^baMfLVª;y osLV
okVj VªhVesaV] jhlkbfDayx ,UM jh;wt]* ¼2014½
12- HkVukxj , ,oa feukspk , ds] ̂ dUosa'kuy ,UM ukWu&dUosa'kuy
,aM lkscsZV~l QkWj fjewoy vkWQ+ ikWY;wVsaV~l ÝkWe okVj&,
fjO;w* bafM;u tuZy vkWQ+ dSfedy VsDuksykWth] 13 ebZ
¼2006½ 203&217
13- osclkbV https://www.freshwatersystems.com/blogs/
blog/activated-carbon-filters-101.
